We report the theoretical investigation of the phenomenon of the formation of patterns transverse to the tunneling current in resonant tunneling double-barrier heterostructures in the case of wide range of bistable voltages. In contrast to the case of the patterns in the structures with small region of bistability, for pronounced bistability electron lateral transport is strongly nonlocal. We performed numerical simulations of the stationary and mobile patterns using special variational procedure. Our results revealed that though the possible types of patterns remains the same as for the structures with small bistability region, their characteristics are modified considerably.
INTRODUCTION
It is well established that the resonant tunneling in the double barrier heterostructures (DBH) is supplemented by the dynamic charge accumulation in the quantum well. This charge accumulation is particularly substantial in the case of the structure with asymmetrical barriers. The important effect, induced by the built-up charge is intrinsic bistability of the system under consideration. For some range of biases two stable states exist at the same bias. One state is characterized by a large built-up charge, resonant tunneling conditions and a large current, the other one corresponds to resonance breaking, lowering of the quasi-bound state below the bottom of the emitter band and a low charge built-up and current. The effect of bistability transforms the shape of the current-voltage characteristic of the resonant tunneling diode from N-type to Z-type. The effect of bistability was experimentally observed in [1] [2] [3] . Theoretical investigations of the bistability were performed in [4] [5] [6] . In these papers, the tunneling was considered as one-dimensional and the transport through the DBH was supposed to be dependent on only one coordinate, perpendicular to the barriers. Actually, most of the DBH are layered ones and a tunneling electron moves * Corresponding author. not only across the layers (vertical transport), but also along these layers (horizontal, or lateral, transport). In previous works [7, 8] we have shown that under the bistable conditions not only laterally uniform, but also nonuniform configurations of built-up charge and tunneling current (patterns) can exist. Results of [7, 8] (2) where qS(V) is the electrostatic potential energy in the well, G(qS(V, t),/3) is the local rate of tunneling from the emitter to the well, -es is the tunneling escape time, I{f} is the collision integral for the electrons inside the well, G and -es are functions of q5 at fixed K They are expressed through the tunneling probabilities and the Fermi distribution of electrons in the emitter.
From the uncertainty condition (1) 
ff). (4)
Since the left-hand side of (4) is a function of 05, we get two algebraic Eqs. (3) and (4) for two variables n, q. It is convenient to rewrite this system as L(d?) =_ no(dp) 47re2dBldB
For the particular heterostructure the latter equation has one controlling parameter, external bias .
We have calculated the functions -es (4) The approach, used in Eq. (2) allows to include into the tunneling generation rate G the effect of scattering of the resonant electrons in the Q W (see [9] 
where P0 is the momentum of the electron, injected into the well at the point Y=Yo. The (3), (8) at high ]Yl the system is in the high current state and local decrease of the built-up charge and the tunneling current in the finite spatial region. The e is the critical bias: in this case the special kink-like pattern occurs. In this pattern high and low current states coexist in the different spatial regions.
Our calculations revealed that the anti-soliton patterns are substantially wider than soliton patterns. This is because for soliton pattern in the region of nonuniformity tunneling via both barriers is possible, while for anti-soliton only tunneling via collector barrier takes place. This influence the characteristical length which an electron can pass in the quantum well, and consequently the width of the pattern. The degree of the asymmetry in the spatial scales of the soliton anti-soliton patterns strongly depends on the degree of asymmetry of the transmission coefficients of emitter and collector barriers. To avoid numerical difficulties, we performed numerical simulations of the stationary patterns for a structure with thinner collector barrier with respect to the structure described in Section 3, namely with d 3.4 nm. The dependence of the L, for the case of solitonlike pattern and La for the case of anti-soliton pattern on the dimensionless parameter q--(-t)/(h-t) is presented in Figure 3 .
The important property of patterns in the case of pronounced bistability is substantial difference between the spatial regions of localization of nonuniformities of the emitter-Q W and the Q W- FIGURE 4 The spatial dependence of the current for the soliton-like pattern at q 0. 
